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ABSTRACT 
 
 
Interclonal Variation of Primary and Secondary Chemistry in Western  
Quaking Aspen and its Influence on Ungulate Selection 
 
 
by 
 
 
Damon A. Winter, Master of Science 
 
Utah State University, 2010 
 
 
Major Professor: Dr. Dale L. Bartos 
Department: Wildland Resources 
 
 
Quaking aspen (Populus tremuloides) clones within close proximity to one 
another can exhibit drastically different levels of browsing by ungulates.  The objectives 
of this study were to (1) determine interclonal differences in plant chemistry between 
adjacent clones exhibiting different degrees of herbivory which may influence the 
browsing behavior and patterns of ungulates, and (2) determine if correlation exists in the 
levels of salicortin and tremulacin between current year’s suckers and current year’s 
growth on older trees. This second objective was meant to indicate a protocol for land 
managers for identifying clones meriting increased protection from herbivory after 
treatment and wildfire. 
In July of 2005, 6 pairs of clones were identified on the Dixie National Forest, 
Utah, and on Cedar Mountain, east of Cedar City, Utah.  Pairs consisted of 2 clones 
within the same pasture and/or grazing allotment and within a minimal distance from one 
another; one clone displaying moderate to high levels of ungulate utilization of aspen 
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suckers, and one exhibiting minimal to no ungulate utilization of aspen suckers.  Soil 
samples were taken at each clone and leaf tissues were sampled to determine genet.  
Aspen suckers were sampled for nutrient content, combined phenolic glycoside 
concentration (salicortin and tremulacin), condensed tannins, and the presence of extra 
floral nectaries (EFNs), at intervals throughout the growing season (August 3–6, August 
31–September 2, and October 12–14).  Current year’s growth from representative mature 
trees was sampled for phenolic glycoside concentration at these times as well. 
All tests demonstrated high levels of insignificance for both leaves and stems.  
Sucker nitrogen values may have been elevated during portions of the sampling year in 
clones displaying moderate to high levels of ungulate utilization, possibility indicating an 
ungulate preference for nitrogen, but due to missing values, this is far from conclusive. 
P-values for forest floor factors were also highly non-significant with the 
exception of forest floor C (0.04) in the regenerating clones.  Two post-project 
hypotheses are postulated in an attempt to explain the differences of forest floor carbon in 
terms of factors that may be influencing ungulate herbivory. 
 
(76 pages) 
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CHAPTER I 
 
INTRODUCTION 
 
 
Contemporary science and statistics is primarily concerned with means and 
populations, rather than individuals and variation (Provenza et al. 2003).  However, as a 
result of genetic variability and resource availability, variations in the physical and 
chemical characteristics within a single plant species can be considerable and far-
reaching—this is especially true for quaking aspen (Populus tremuloides) (Lindroth and 
Hwang 1996). 
Plant chemistry in particular can be influenced by not only genotype and 
environment (Osier and Lindroth 2001), but by a plant’s individual history within its 
immediate environment (Bryant et al. 1991; Provenza et al. 2003).  This chemical 
variation within a species can affect ecological interactions with herbivores (Bryant 1981; 
Basey et al. 1988; Basey et al. 1990), as well as other ecological processes such as leaf 
litter quality and decomposition (Madritch et al. 2006). 
Genetic variation within a dominant, keystone species can strongly affect 
community organization, associated species, and ecosystem dynamics at levels higher 
than the population of interest and thereby drive the structure of an entire ecosystem 
(Whitham et al. 2003).  As aspen is the most widely distributed tree species in North 
America (Little 1971), it may be a primary driver of ecosystem process and structure 
where it occurs.  As Lindroth and Hwang (1996, p. 51) point out, “aspen’s broad 
geographic distribution, its abundance in early-successional ecosystems, and its 
association with a great variety of pathogens and herbivores combine to make its suite of 
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phenolic natural products one of the most important groups of compounds mediating 
ecological interactions in North America.”  Thus, knowledge of how variations in aspen’s 
chemical characteristics affect herbivory in the West may be critical for understanding 
aspen’s “doomed” future (Kay 1997) in the western United States. 
 
Purpose of Study 
The decline of quaking aspen in the West (Kay 1997), including Utah (Bartos and 
Campbell 1998), has been well documented.  It is generally attributed to three major 
factors (Kay 1997) or combinations thereof: aspen’s strict seedbed requirements for 
sexual regeneration, fire suppression, and populations of large ungulates elevated beyond 
the historical record (Kay 1990; Kay 1997). 
Both domestic and wild ungulates may express a high degree of preference for the 
suckers of certain clones over others (personal communication, Dr. D.L. Bartos, Rocky 
Mountain Research Station, Logan, UT).  For example, a clone demonstrating high levels 
of regeneration may be found within close proximity to another clone demonstrating 
minimal to no regeneration (Fig. 1).  Often the poorly regenerating clone may display 
signs of extreme hedging, indicating that the disparity in successful regeneration between 
clones may be the result of ungulate preference (Fig. 2). 
The purpose of this study was to examine variations in characteristics between 
western aspen clones which may dictate ungulate preference and differences in 
utilization, specifically in situations where clones are adjacent to one another and 
experiencing different degrees of herbivory. 
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Fig. 1.  Difference in herbivory between 2 adjacent aspen clones.  The clone in the 
background demonstrates a recent history of abundant successful regeneration—
successful being defined as suckers which attain a tree-like growth form.  The 
clone in the foreground has struggled to regenerate successfully due to persistent 
herbivory, as evidenced by the small, shrubby plants in the understory which 
never achieved a tree-like growth form. (Photo by author) 
 
 
  
 
Fig. 2.  Examples of severely hedged aspen suckers, or unsuccessful regeneration, as 
the result of heavy repeated browsing.  (Photos by author) 
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CHAPTER II 
 
LITERATURE REVIEW 
 
 
General Species Introduction 
Quaking or trembling aspen is a clonal species and the most widely distributed 
tree in North America (Little 1971).  Western aspen has been traditionally thought to be 
relics of ortets that established nearly 15 million years ago during the Miocene (Harper et 
al. 1985).  The environmental conditions at that time likely favored germination and 
seedling establishment.  It is currently accepted that the specific conditions needed for 
germination and establishment no longer exist for significant amounts of sexual 
reproduction to occur in the arid landscapes of the western U.S. (McDonough 1985), 
although forthcoming research may temper that thinking (Mock and Rowe 2006). 
Seedbeds must provide a flat, well-watered, mineral soil surface.  The particular 
requirements for soil temperatures, amounts of soil solutes, and burial depth, can also be 
stringent, and although seed production is often prolific, germinability declines rapidly 
after maturation (McDonough 1985).  However, the current environmental conditions of 
the West have been sufficient to allow aspen to remain on the landscape by means of 
asexual reproduction, stimulated by cycles of disturbance and subsequent regeneration.  
Specifically, it is believed that the continued presence of the species in the western states 
has been largely the result of historic fires that have repeatedly stimulated clonal 
regeneration and expansion (Schier 1976). 
A clone is made up of numerous genetically identical stems (ramets) that have 
propagated vegetatively from a single seedling (ortet) sometime in the past.  After 
   5
germination and establishment the ortet begins to develop a widespread root system 
(Jones and DeByle 1985a).  This root system allows the ortet to reproduce itself 
vegetatively (asexually) by producing suckers (young ramets) from meristems, or 
growing points, located on lateral growing roots (Schier 1976).   
Aspen ramets exhibit apical dominance (Schier et al. 1985).  Sucker initiation is 
suppressed by auxins (growth-inhibiting hormones) located in the aerial parts of ramets.  
Initiation of suckers is inhibited as auxins are translocated downward from the stems into 
the root system.  Simultaneously, growth initiation is encouraged by cytokinins (growth-
promoting hormones) which are produced locally in the roots.  As ramets age, more 
auxins are produced relative to cytokinins, which inhibits sucker initiation.  Disturbances 
such as fire alter the ratio of auxins to cytokinins by stopping auxins from moving into 
the root system and thereby preventing cytokinins from moving out of the root system 
(Schier et al. 1985).  This change in ratio in favor of cytokinins stimulates suckering and 
root expansion which allows the clone to regenerate itself.   
In instances where ungulate use is low, aspen regenerates itself independent of 
any disturbance that would alter the hormone ratio of the clone (Mueggler 1989; Kay 
2001a, 2001b), demonstrating that apical dominance is not absolute (Schier et al. 1985).  
However, in many situations, without disturbance to remove old ramets and promote 
regeneration, ratios of auxins to cytokinins remain too high to allow regeneration to 
occur.  When this happens clones may become overmature and begin to deteriorate.  This 
deterioration is compounded by the fact that as stems begin to overmature without clonal 
regeneration, the root system of the clone begins to shrink (Schier 1975) making 
regeneration even more difficult. 
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Herbivory 
 
Due to aspen’s relatively high degree of nutrition (Jelinski and Fisher 1991) and 
productive understory (Mueggler 1988; DeByle 1985), the species provides important 
habitat and forage for livestock and wildlife in the western United States, the root suckers 
being an especially important food source for these species.  
Because clones usually regenerate profusely after disturbances such as fire (Jones 
and DeByle 1985b), recently burned clones often attract browsing animals in search of 
green forage (Canon et al. 1987).  When excessive, this utilization can counteract the 
regenerative flush of post-burn vegetation and thereby accelerate the demise of aspen 
communities (Kay 2001a, 2001b).  This phenomenon, coupled with elk populations that 
are now much higher than have historically existed in the western U.S. (Kay 1990), has 
led to concerns about the future of aspen in some areas of the West (Kay 1997). 
 
Defense Systems 
Aspen has 2 primary systems for coping with herbivory and defoliation: chemical 
defenses and tolerance (Lindroth 2001).  Tolerance is the degree to which a clone can 
regrow and reproduce after damage from herbivory (Strauss and Agrawal 1999), and is 
most effective in species with high growth rates, large storage capacities, and 
considerable photosynthetic plasticity—all characteristics of aspen (Lindroth 2001).  
However, regardless of these characteristics, tolerance may be reduced when nutrients, 
light, or water are scarce (Rosenthal and Kotanen 1994).  Yet, due to the close proximity 
of the clones in this study of apparent preference, extrinsic variations which might affect 
interclonal tolerance capacities are likely to be minimal.  Furthermore, though genets that 
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favor tolerance strategies are expected to exist, tolerance is most advantageous in 
situations where herbivore damage is so homogeneous and severe that even chemically 
resistant genotypes are damaged (Lindroth 2001).  Yet in the situations of interest for this 
project, herbivore damage is not homogeneous, suggesting that tolerance is playing a 
secondary role in these systems.  Therefore, I hypothesize that intraclonal defensive 
chemistry, rather than tolerance strategies, is the dominate factor influencing ungulate 
selection of aspen. 
In addition to tolerance and chemical defenses, aspen may also use a third method 
of defense: that of mediating its extrafloral nectary production in an attempt to attract the 
“enemies of its enemies” (Heil 2004).  Extrafloral nectaries (EFNs) are nectar-secreting 
structures that can occur on the leaves of aspen (Fig. 3).  The nectar secreted by these 
structures, though not involved in pollination, attracts ants which defend the plant from 
potentially damaging insects (Koptur 1979; Stephenson 1982; Smiley 1985; Oliveira 
1997) and possibly from larger herbivores (Curtis and Lersten 1978). 
 
 
   
 
Fig. 3.  Presence (left) and absence (right) of extrafloral nectaries on quaking aspen.  
(Photos by Stuart Wooley) 
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A corollary of EFNs as a possible deterrent to herbivory may be that ants attracted 
to a plant’s nectaries may be involved in the “herding” and defense of honeydew 
excreting insects such as aphids.  In one particular instance in the West, it was thought 
that the presence of seemingly high concentrations of aphid honeydew on the leaves of a 
clone may have been mediating cattle avoidance (personal communication, Dr. D.L. 
Bartos, Rocky Mountain Research Station, Logan, UT).  After the occurrence of a rain 
event which was believed to be significant enough to remove the honeydew, cattle 
resumed browsing undergrowth forage. 
The role of EFNs in aspen ecology has received little attention.  One study in the 
upper Midwest demonstrated that big-tooth aspen (Populus grandidentata), a close 
relative to quaking aspen, have prominent and active EFNs which become increasingly 
conspicuous on late season leaves, those most vulnerable to defoliation by insects (Curtis 
and Lersten 1978).  In a recent study (Wooley et al. 2004), some quaking aspen 
genotypes increased their EFN production in response to defoliation while others did not.  
Genotypes with the fewest established nectaries previously showed the largest response 
of EFN production in response to defoliation.  This study also demonstrated that aspen 
with the most EFNs had the lowest levels of defensive chemicals, indicating a possible 
production tradeoff between EFNs and phenolic glycosides. 
 
Chemical Defense 
All of aspen’s known chemical products that have documented ecological roles in 
defense are produced via the shikimic acid pathway (Lindroth and Hwang 1996; Lindroth 
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2001).  Included in these chemicals are various salicylate phenolic glycosides, including 
condensed tannins and coniferyl benzoate. 
Coniferyl benzoate is produced exclusively in staminate flower buds, seemingly 
as a deterrent to ruffed grouse, who are highly dependent upon the buds as a winter and 
early spring food source (Jakubas et al. 1989; Jakubas and Gullion 1990).  However, 
because of the location of the buds on the trees and the time of year that the chemical is 
produced, it is improbable that it is playing any role in determining large ungulate 
preference in any aspen community. 
Condensed tannins (proanthocyanidins) occur in both the leaf and woody tissues 
of aspen, yet their functional purpose remains unclear (Lindroth 2001).  The assumption 
has traditionally been that their purpose is defensive.  However, tannins are unimportant 
in the defense of most deciduous tree species consumed by elk (Cervus elaphus) and deer 
(Odocoileus hemionus and O. virginianus) (Robbins et al. 1987).  In deer, this may be 
due to tannin-binding proteins in the saliva that complex dietary tannin; this is not the 
case for sheep and cattle (Austin et al. 1989).  These tannin-binding proteins may be 
directly beneficial to some ungulates by preventing microbial degradation of protein from 
taking place in the rumen, making it available for absorption in the animal’s lower tract 
(Min and Hart 2003).  Though the extent of this mechanism has been somewhat debated 
due to the ability of condensed tannin’s to also complex with carbohydrates, endogenous 
proteins, and microbial products (Reed 1995), if correct, the resulting improved protein 
nutrition may also be directly or indirectly beneficial in enhancing immune system 
response to gastrointestinal parasitism, specifically through reducing nematode viability 
(Min and Hart 2003). 
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The remaining phenolic glycosides in aspen are salicin, salicortin, tremuloidin, 
and tremulacin.  All of these compounds are involved to some degree in mediating 
trophic interactions between aspen and some of the organisms which use it as a food 
source (Lindroth and Hwang 1996).  There is a growing body of literature documenting 
the relationship between aspen’s phenolic compounds and small mammals and insects 
(Witter and Waisanen 1978; Bryant 1981; Manuwoto et al. 1985; Basey et al. 1988; 
Jakubas et al. 1989; Basey et al. 1990; Jakubas and Gullion 1990; Hwang and Lindroth 
1997; Osier and Lindroth 2001).  In studies involving insects, phenolic glycoside 
concentrations account for 60 to 98% of the insect performance parameters (including 
survival, development, growth, feeding, and, reproduction) in both laboratory and field 
tests (Lindroth 2001).  Other studies have looked at the defensive interactions between 
aspen phenolic compounds and small mammals such as beavers (Castor canadensis) 
(Basey et al. 1988; Basey et al. 1990) and snowshoe hares (Lepus americanus) (Bryant 
1981).  These studies demonstrate that aspen’s phenolic glycosides are effective 
deterrents for these species. 
All of these studies indicate that secondary chemicals, not nutrient variation, are 
responsible for the disparities in the degree of herbivory amongst aspen clones for both 
small mammals and insects.  However, the literature on aspen’s chemical defenses is 
mostly related to Midwestern insects (Lindroth and Hwang 1996; Lindroth 2001), which 
makes the forming of hypotheses in regard to the possible influence of these compounds 
on the browsing patterns of domestic and wild large ungulates in the western United 
States, difficult.  Also, there is a vast difference in how defensive chemicals interact with 
simple-stomach small mammals and large-bodied generalist ruminant herbivores. 
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CHAPTER III 
 
METHODS AND MATERIALS 
 
 
Research Objectives and Hypotheses 
Due to the close proximity of the clones in my study it is unlikely that the 
apparent disparity in utilization is the result of extrinsic differences such as climate, soil 
type, or ungulate populations.  Furthermore, because of the extreme differences in 
utilization, such instances are clearly the result of deliberate and cognizant selection by 
the animals, rather than fortuitous browsing.  This is an indication that intraclonal 
defensive mechanisms, rather than nutrient content (Jelinski and Fisher 1991), are 
influencing ungulate preference.  Nevertheless, this study looked at selected 
characteristics of environment, sucker morphology, and chemistry. 
The objectives of this research were: 
1. Determine any interclonal differences between regenerating and non-regenerating 
clones that might influence preference and thus the browsing behavior and patterns of 
both domestic and wild ungulates in western aspen landscapes. 
• H0: No difference in the means of the sampling variables (soil characteristics, 
primary chemistry, condensed tannins, phenolic glycosides, EFNs) between 
regenerating and non-regenerating clones 
• Ha: Significant differences between one or more sampling variables 
2. Determine if any correlation exists in the levels of salicortin and tremulacin between 
current year’s suckers and current year’s growth on older trees.  The purpose of this 
second objective was to develop a protocol for managers to identify clones meriting 
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increased protection from herbivory, thereby fostering the regenerative success of 
susceptible clones after disturbances such as wildfires or deliberate treatments meant to 
stimulate regeneration. 
 
Study Area 
 Clones were located in Iron and Washington Counties, Utah, on Cedar Mountain, 
and in the Little Valleys area of the Dixie National Forest, north of Panguitch Lake.  
Aspen stands were scattered in these areas from 2509 to 2843 m elevation, with the mean 
elevation for the Dixie sites being 2830 m, and the Cedar Mountain sites 2672 m.  The 
vegetation in both locations consists of mountain meadows and quaking aspen, with 
patches of gambel oak (Quercus gambelli) and mountain snowberry (Symphoricarpos 
oreophilus) pervasive at the Cedar Mountain locations, and significant amounts of mixed 
conifer dominated by white fir (Abies concolor) in aspen stands at the Dixie locations. 
 
Study Design and Site Selection 
This study was a completely randomized design, with a random sample of pairs, a 
repeated measure to check for chemical variables, and a second repeated measure for 
time.  In July of 2005, 6 clone pairs were identified on Cedar Mountain and the Dixie 
National Forest.  Pairs consisted of two clones within the same pasture and/or allotment 
and within a relatively short distance from each another (25-125 m).  Distances were kept 
as small as possible in order to minimize potential differences in browsing pressures and 
environmental variables such as climate, soil characteristics, light, and nutrient 
availability.  Each pair further consisted of one clone displaying moderate to high levels 
of ungulate utilization, and one exhibiting minimal to no ungulate utilization.  
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Determinations of these classifications were made on ocular judgments which took into 
account such factors as average ramet age, past regenerative success (as evidenced by the 
relative amount of younger age classes in the overstory), and the apparent success of 
current regeneration.    To avoid stands with multiple genets, during initial site selection 
care was taken as often as possible to ensure that clones were fairly small, easily 
distinguishable, and spatially isolated.  The location coordinates of each clone were 
recorded using GPS. 
 
Methods and Sampling 
Exclosures.  At the time of site selection (July 2005) a small exclosure was built 
within each clone at each site.  Each construction consisted of approximately 30.5 m of 
2.1 m high game deterrent fencing which was wrapped around the boles of existing trees 
and secured at the bottom using felled trees.  The exact dimensions of the exclosures 
were not held constant as their purpose was not to quantify regeneration per unit area, but 
rather to ensure that clones would provide sufficient unbrowsed suckers for repeated 
sampling.  Sampling also occurred outside exclosures when they contained insufficient 
amounts of plant material and when the material outside of the exclosure demonstrated 
no signs of herbivory. 
Soil Sampling.  Though not directly related to the objectives of this study, soil 
sampling was performed for the purpose of gathering information as to the uniformity of 
the growing conditions among clone pairs.  Furthermore, it was thought possible that the 
availability of soil nutrient resources may be more prominently involved in determining 
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differences in clonal defense mechanisms than genetics, and if so, such differences may 
correlate statistically with one or more of the chemical variables of interest.   
At the time of site selection and exclosure construction, soil samples were taken at 
each clone.  Three soil cores were extracted at random points within each clone.  Each of 
these samples included a forest floor layer and mineral soil layer from 0-15 cm.  Soil 
samples were taken to the USDA Research Lab in Logan, UT for analysis.  The chemical 
and physical characteristics analyzed were bulk density, water content, coarse fragment 
content, pH, total C, total organic C, total N, exchangeable cations (K, Mg, Ca, Al, Mn, 
Na), extractable sulfur, trace metals, and extractable P.  Procedures for analysis follow 
those presently used in the USFS Forest Inventory and Analysis Program (Amacher et al. 
2003). 
Genetics.  At that time, leaf tissues were also sampled to determine whether 
clones within a pair were of the same genet.  Samples were placed in small manila 
envelopes and immediately desiccated in the field using silica-gel crystals (in the form of 
household kitty litter).  This method is effective in sampling aspen for genetic analysis 
(personal communication, Dr. R.L. Lindroth, University of Wisconsin-Madison).  
Samples collected for this purpose required only a few ounces of undamaged leaf 
material.  Material from ramets of any age or size within reach and within the clone 
boundaries was eligible for sampling.   
Samples were analyzed at the USU Molecular Ecology Lab in Logan, UT.  Total 
genomic DNA was extracted from leaf tissue dried in silica gel using the DNeasy 96 
Plant Kit by Qiagen.  The lab used the polymerase chain reaction (PCR) to amplify 4 
microsatellite loci from these templates: GCPM 3197-1 (Tuskan et al. 2004), GCPM 970-
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1 (http://www.ornl.gov/sci/ipgc/ssr_resource.htm), WPMS-14, and WPMS-15 (van der 
Schoot et al. 2000; Smulders et al. 2001).  The forward primers for GCPM 3197-1 and 
GCPM 970-1 included a 5' FAM fluorescent label. The forward primers for WPMS-14 
and WPMS-15 included a 5' fluorescent HEX label.  The PCR reactions consisted 1.8mM 
MgCl2, 0.20mM each dNTP, and forward and reverse primers at 0.25µM each, in a total 
volume of 10µL.  PCR reactions were initiated at 95o C for 2 minutes, followed by 30 
cycles of 94o C for 30 seconds, 56o C for 40 seconds, and extension at 72o C for 50 
seconds.  A final extension step of 72o C for 10 minutes was included.  PCR products 
were assessed for size and quantity on a 1.0% agarose gel stained with ethidium bromide. 
PCR products from W-14 and GCPM 970-1 were combined, as well as W-15 and GCPM 
3197-1.  The combined PCR products were run on an ABI3730 DNA analyzer (Applied 
Biosystems, Inc.) with a LIZ500 size standard, and were scored using Genescan 
Software. 
Repeat Chemical Analyses.  After exclosures were erected approximately three 
weeks were allowed for regeneration to occur.  Subsequently, three return trips were 
made to each site for sampling.  Sampling trips occurred on August 3–6, August 31–
September 2, and October 12–14 of 2005, and hereafter will be referred to as sample 
periods one, two, and three, respectively.  Sample period three took place after the onset 
of dormancy, as verified by frost damage and the extent of leaf abscission at the time of 
sampling. 
At each sampling period, sufficient amounts of current year’s suckers were 
located within each clone either within or outside of the exclosure depending on 
adherence to the previously stated constraints.  Sufficient material was taken from each 
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clone so that analysis of primary chemistry, phenolic glycosides, and condensed tannins 
could be performed.  All sampling was done between 8:00 AM and 11:00 AM each day 
to ensure that temperatures and light conditions were constant. 
For all three types of analysis, suckers were clipped at ground level using hand 
garden shears.  Shears were sanitized with alcohol after sampling at each clone to prevent 
samples from being contaminated by the previously sampled clone.  Leaves were then 
clipped at the petiole and separated from the stems.  Stems were measured for height 
(cm), basal width (cm) using calipers, and weighed (g) using a field scale.  Leaves were 
also weighed (g) and were treated as a separate sample from the stems.  When sufficient 
material existed, more than one sucker from a clone was included in a sample, to reduce 
the statistical effects of any chemical variation within the clone, of which nothing is 
known (personal communication, Dr. R.L. Lindroth, University of Wisconsin-Madison). 
Plant materials procured for the analysis of primary chemistry were placed in 
paper bags and allowed to air dry.  They were transported to the USDA Research Lab in 
Logan, UT, where they were analyzed for N, P, K, Ca, Mg, S, B, Mn, Fe, Cu, Zn, Mo, 
Na, Sr, Ba, Al, Si, Co, Cr, Ni, Cd, Pb, As, and Se.  Nitrogen content was determined by 
combustion analysis with a LECO TruSpec CN analyzer, and mineral elements were 
determined by inductively coupled plasma emission analysis using a Thermo Intrepid 
ICP following digestion of 0.5 g of plant sample in a solution made up of 70% nitric acid 
and 30% hydrogen peroxide (Jones 1989). 
Plant materials procured for the analysis of condensed tannins were placed on dry 
ice within minutes of collection and then transferred to a freezer later in the day.  
Samples remained frozen until they were transported to Utah State University where they 
   17
were freeze dried, ground in a plant grinder, packaged, labeled, and shipped to the 
Entomology Lab at the University of Wisconsin-Madison for analysis.  The butanol-HCl 
method of Porter et al. (1986) was used to quantify condensed tannins.  Condensed 
tannins purified from aspen by the method of Hagerman and Butler (1980) were used as 
the standard. 
Plant materials procured for the analysis of phenolic glycosides (salicortin and 
tremulacin) were immersed in HPLC-grade methanol (20 ml/g plant) in the field and 
allowed to extract for at least 1 week before beginning analysis.  Though it is possible to 
test for all four of aspen’s phenolic glycosides (salicin, salicortin, tremuloidin, and 
tremulacin), for this project a simplified test was used in which only the total combined 
levels of salicortin and tremulacin were determined.  Though a loss of information is 
incurred, such a loss was justifiable as salicortin and tremulacin are aspen’s most 
effective defenses against insects and large herbivores (Lindroth and Hwang 1996).  
Furthermore this simplified method is believed to be comparatively rapid, accurate, 
economical, reliable, and is not prone to problems that can occur in other tests by the 
presence of tannins or small amounts of water (personal communication, Dr. T.P. 
Clausen, University of Alaska Fairbanks).   
At the time of analysis, samples were spiked with capric acid (2mg/g plant) as an 
internal standard.  A 20-ml subsample of the extract was treated with several drops of 
concentrated H2SO4 (98%) and the acidified solution was allowed to sit at room 
temperature for 1 week.  The reaction mixture was then analyzed by Flame Ionization-
Gas Chromatography for the two esters, methyl 2-methoxybenzoate and methyl caprate 
(produced from the internal standard).  Although the 2 compounds eluted as 2 separate 
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peaks, in most plant extract samples there was an interfering compound which co-eluted 
with the methyl caprate.  The interference prevented the use of capric acid as an internal 
standard, so the benzoate was quantitated using an external calibration curve made with a 
standard of methyl 2-methoxybenzoate.  Quality control samples consisted of (1) 
continuing control verification (ccv) samples of both methyl esters (one ccv per about 10 
samples), and (2) matrix spike samples (addition of known ester amounts in selected 
samples, one spiked sample per about 20 samples).  The samples were run on a Shimadzu 
G14 gas chromatograph equipped with a flame ionization detector, using helium carrier 
gas at 8 ml/minute and with injection port and detector temperatures set at 250º C.  A 
Shimadzu AOC-1400 autosampler was used for sample injection.  A 5% phenyl siloxane 
capillary column (J.W. Scientific, Folsom CA, DB-5, 0.53mm x 30m x 0.5µm film 
thickness) was used with a temperature program 100ºC (hold 10 minutes), 25ºC/minute to 
225ºC (hold 5 minutes).  The data were acquired using Aligent GC Chemstation Rev 
A.08.03[847] Data Acquisition and Analysis software.  The concentrations measured in 
the methanol extracts were converted to concentrations in plant tissue on a wet weight 
basis. 
Extra Floral Nectaries.  In addition to the chemical tests, at each time period 
current season’s suckers in each clone were appraised for extrafloral nectaries (EFNs) by 
counting the number of nectaries per sucker and the number of leaves per sucker, 
allowing the number of nectaries per leaf and per plant to be calclated. 
Statistical Analysis.  For each sample variable analyses were performed to 
determine any statistical significance between regenerating and non-regenerating clones 
using PROC MIXED (SAS v9.1 2002-2003) and multiresponse randomized block 
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permutation (MRBP) procedures.  Analysis using the MRBP procedure was performed 
using a macro in Microsoft Excel 2003 (King 2002), a method based on Euclidean 
distance for one-factor designs (Mielke and Berry 2001).  Statistical significance was set 
at P < 0.05 for all tests.  
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CHAPTER IV 
RESULTS 
Statistical analysis revealed no significant interactions among any combination of 
variables in this data set.  Thus, the following report of the data takes into consideration 
only the effects of individual variables. 
Genetics.  Genetic analysis revealed that despite my attempt to choose study sites 
that were fairly small, easily distinguishable, and spatially isolated, the regenerating and 
non-regenerating clone pairs at Pasture 1 were of the same genet, and the regenerating 
and non-regenerating clone pairs at Pasture 17 were of the same genet.  This sameness, in 
spite of being spatially separate clones, may indicate one of three life histories: (1) the 
clones in these pairs have always been separate and distinct, originating from different 
ortets derived from the same parent materials, (2) the clones in these pairs once occupied 
a much larger geographic area and have been subject to either a single or periodic 
disturbances which have led to clone fragmentation and separation, or (3) each stand is 
actually not a separate and distinct clone made up of a single genet, but rather these are 
stands which are amalgamations of various local genets of which a genet held in common 
at each stand was coincidently sampled.  Forthcoming research suggests the third 
alternative may be the most likely (Mock and Rowe 2006).  Whichever the case, it was 
demonstrated that the absence of these two clone pairs in the analysis of the data set had 
no statistically significant influence on any of the sample variables contrary to what 
existed with them included in the data set.  Therefore they were included for all analyses. 
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Secondary Compounds.  Secondary chemical properties of suckers, including 
phenolic glycosides and condensed tannins, were highly non-significant for leaves and 
stems for regenerating and non-regenerating clones (Fig. 4).  Variations in sucker stem 
basal width and height had no significant influence on either phenolic glycosides or 
condensed tannins.  Phenolic glycosides for sucker stems appear to be tending higher at 
time three (October, post-frost) than at times one and two (August and September).  This 
is most likely attributed to the influx of carbon from the leaves into the stems which 
 
 
 
Fig. 4.  Notched box-plots of sucker leaf and stem phenolic glycosides and condensed 
tannins for regenerating (r) and non-regenerating (nr) clones.  Upper and lower 
lines correspond to the first (Q1) and third (Q3) quartile ranges, accounting for all 
data between the 25–75 percentiles.  The dark horizontal bar in the center of each 
box indicates the sample median.  Dotted whisker lines above and below the box 
represent the largest and smallest of the observations.  Notches in the boxes (hour-
glass shape) represent an estimate of the uncertainty about the median for box-to-
box comparisons.  The lack of separation between the notches at each time period 
indicates that the medians of the data do not differ at the 5% significance level.   
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occur in deciduous trees during the onset of dormancy.  However, this cannot be 
verified—leaves were not collected at time three because of the occurrence of 
inaccuracies that are incurred when sampling damaged leaf tissue for phenolic glycoside 
content.  At this time frost damage was extensive and leaf desiccation had begun. 
Differences in phenolic glycoside concentrations for current year’s growth of mature 
trees were highly non-significant between regenerating and non-regenerating clones (Fig. 
5).  The phenolic glycoside relationship between suckers and the current year’s growth of 
mature trees was also highly non-significant.  Phenolic glycosides for the current year’s 
growth of mature trees is significantly higher at time three than at times one and two.  
Just as in the case of suckers, this is most likely attributed to the influx of carbon 
compounds from the leaves into the stems which occurs in deciduous trees during the 
onset of dormancy. 
 
 
 
Fig. 5.  Notched box-plots of mature current year’s growth of leaf and stem phenolic 
glycosides for regenerating (r) and non-regenerating (nr) clones.  The lack of 
separation between the notches at each time period indicates that the medians of 
the data do not differ at the 5% significance level.  
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Plant Primary Chemistry.  All variables of sucker primary chemistry (N, P, K, Ca, 
Mg, S, B, Mn, Fe, Cu, Zn, Mo, Na, Sr, Ba, Al, Si, Co, Cr, Ni, Cd, Pb, As, Se) 
demonstrated no significant variation between regenerating and non-regenerating clones. 
P-values for primary chemistry variables were all large, indicating no significant effects 
(for full data set see Appendix B, Tables B.4-B.8).  Variations in sucker stem basal width 
and height had no significant influence on any variables of primary chemistry.  The data 
demonstrate a definite effect for plant parts—Si levels are much higher in the leaves than 
stems, true to aspen leaves being rich sources of nutrients.  Elevated leaf Mn and Fe 
values may indicate wetter, more reduced soil conditions during part of the year 
(probably during the spring); elevated Zn and Mo values might indicate areas of 
mineralized soil; elevated Pb values could also indicate a mineralized soil or indicate 
atmospheric deposition. 
Though extremely important for a study such as this, many nitrogen values are 
regrettably absent from the data as a result of analysis error.  However, in examining the 
few values it appears nitrogen may be elevated for both leaves and stems in non-
regenerating clones at times one and two. 
Extra Floral Nectaries.  No EFNs were ever observed on any aspen suckers at 
any clone during any of the three sampling periods. 
Soil Properties.  Mineral soil properties demonstrated no significant variation 
between regenerating and non-regenerating clones.  P-values for mineral soil variables 
were all large, indicating no significant effects.  Various individual nutrient 
measurements (example: mineral soil value, Na = 380) demonstrated significantly higher 
levels at some sites than others (Table 1); however, all are well within the expected range 
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found in forest soils in the Interior West (personal communication, Dr. M.C. Amacher, 
Rocky Mountain Research Station, Logan, UT).   
P-values for forest floor factors were all nonsignificant with the exception of 
forest floor carbon (P=0.04) which was significantly higher in regenerating clones than in 
non-regenerating clones (Figs. 6 and 7). 
 
Table 1.  Selected soil properties of regenerating (r) and non-regenerating (nr) 
aspen clones.  Though some mineral soil variables differ by two orders of 
magnitude, no significant differences exist. 
 
Pair Clone* 
Forest Floor  Mineral Soil 
N 
(%) 
C  
(%) C/N 
 C        
 
org. 
(%) 
inorg  
(%) 
total  
(%) 
N 
(%) 
P 
(mg/kg) 
Na 
(mg/kg) 
K   
(mg/kg) 
Mg 
(mg/kg) 
Ca 
(mg/kg) 
Al 
(mg/kg) 
Mn 
(mg/kg) 
Dix1 r 1.80 38.41 21.34  5.88 0.33 6.20 0.43 65.47 13.27 1254.03 308.03 3525.67 0.25 9.87 
nr 0.49 17.49 35.69  1.64 0.28 1.92 0.13 31.33 0.52 1673.00 682.00 2898.67 0.37 5.84 
Dix2 r 1.36 29.48 21.68  5.99 0.32 6.31 0.40 54.93 7.94 881.83 325.40 3593.67 0.47 7.43 
nr 0.74 20.24 27.35  4.65 0.31 4.96 0.37 54.33 8.12 1307.20 325.27 2557.67 0.57 8.71 
Meek r 0.76 17.12 22.52  7.81 0.33 8.14 0.56 16.57 14.18 177.07 393.07 5717.67 0.56 3.63 
nr 0.69 20.01 29.00  4.25 0.30 4.54 0.31 12.51 22.32 224.40 238.97 3166.67 0.50 8.33 
Pas1 r 1.28 29.07 22.71  3.58 0.30 3.88 0.27 10.15 10.94 330.83 339.90 2900.67 0.49 7.50 
nr 1.20 30.73 25.61  5.64 0.33 5.98 0.40 23.53 14.88 419.27 438.27 4307.33 0.00 6.98 
Pas14 r 1.51 34.25 22.68  3.38 0.28 3.67 0.21 24.80 17.73 166.11 117.22 2030.33 0.43 7.46 
nr 1.08 25.22 23.35  2.63 0.27 2.90 0.17 14.01 9.11 135.50 96.30 1651.00 0.43 6.69 
Pas17 r 0.81 42.33 52.26  5.18 0.29 5.47 0.40 24.69 379.93 379.93 328.57 4451.33 0.22 7.48 
nr 0.75 18.73 24.97  5.55 0.33 5.88 0.37 16.08 15.72 347.43 234.77 2928.67 0.37 9.65 
* Denotes individual clone within the pair, (r) regenerating, (nr) non-regenerating.    
 
 
 
 
 
 
Fig. 6.  Notched box-plots of forest floor carbon (ffC%) and nitrogen (ffN%) for 
regenerating (r) and non-regenerating (nr) aspen clones.  Forest floor carbon was 
significantly higher in regenerating clones than in non-regenerating clones. 
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Fig. 7.  Individual values of forest floor carbon percentage (ffC%) for aspen clone 
pairs at each study site.  Bars designate a confidence interval of p=0.05.  The 
regenerating clone at each site shows significantly higher ffC% at nearly all 
clones.  Pairs at the Pasture 1 and Meeks sites are the two exceptions, the former 
demonstrating nonsignificance and the latter the reverse trend. 
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CHAPTER V 
 
DISCUSSION AND CONCLUSION 
 
 
Discussion 
This survey of current year’s aspen suckers in south-central Utah revealed no 
statistically significant variation between regenerating and non-regenerating clones for 
phenolic glycoside concentration (stems or leaves), condensed tannins (stems or leaves), 
primary chemistry (stems or leaves), extra floral nectaries, or soil nutrients.  No 
significant difference was found for phenolic glycoside concentrations of the current 
year’s growth on mature trees and no relationship was found to exist between the 
concentrations in these samples and in the concentrations for suckers.  Clones which 
constituted a pair occupied similar habitats, growing conditions, and were within 
relatively short distances of one another, and they demonstrated detectable variation only 
in forest floor carbon.  In order to understand why forest floor carbon levels may differ, 
more information should be provided regarding the site conditions.   
Cedar Mountain has virtually no conifer component in its plant communities, and 
in all four of the study sites there, no conifers were present within the clones or anywhere 
in the near vicinity.  To keep sites comparable, clones on the Dixie National Forest were 
selected that had little (~1 tree) to no conifer in the overstory.  When a conifer did occur 
within or near to the clone, care was taken to ensure that all sampling was done away 
from that area.  As a result, forest floor samples contained no conifer needles.  Had 
conifers been present at the study sites, the presence of needles may have accounted for 
the increased carbon by providing chemicals to the forest floor which might have slowed 
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decomposition by soil microbes and thereby increased the longevity of carbon residence 
time in the forest floor layer.  Since this was not the case, it should be noted that though 
the actual contents of the samples and their proportions were not recorded, desiccated 
aspen leaves made up the bulk of the forest floor samples at all sites, most often 
occurring in large compressed, decomposing sheets that were lifted from the ground in 
whole pieces. 
The most likely hypothesis for the elevated levels of forest floor carbon at the 
regenerating clones is that there were more trees per unit area of land at the regenerating 
clones than at the non-regenerating clones.  Hence there were more leaves in the forest 
floor component and consequently more forest floor carbon per unit of area.  The tree 
density data needed to verify this were not collected, but judging from the photos 
(exception: Meeks pair; compare Appendix A, Fig. A.7 with Fig. 7), forest floor carbon 
appears to be a function of overstory tree coverage, such that more overstory trees result 
in more leaves deposited in the forest floor layer, thus leading to higher levels of forest 
floor carbon.  In short: elevated levels of forest floor carbon at the regenerating clones 
were likely indicative of the result of the presence of more regeneration, rather than the 
cause of it. 
Though the above hypothesis is most probable, for the sake of the original 
objectives of this study, an attempt to explain the differences of forest floor carbon in 
terms of it as an indicator of factors which may be influencing ungulate preference is 
warranted.  Under this premise, 2 scenarios regarding the conditions at the time of 
sampling are possible, either: 
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1. Forest floors within clone boundaries are largely made up of previous year’s 
aspen foliage and therefore the differences in the carbon levels are indicative of 
variations between regenerating vs. non-regenerating clones that were not 
detected during the sample year, or, 
2. Forest floors within clone boundaries are not largely made up of previous year’s 
aspen foliage and therefore the differences in the carbon levels are indicative of 
variations in aspen’s associated plant communities at regenerating vs. non-
regenerating clones. 
As no data were collected which may be used to form a hypothesis in support of 
scenario #2, this discussion will only consider scenario #1.  Two hypotheses are possible 
under the premise of scenario #1.   
The first suggests that since the decay of plant parts in forest floor layers tends to 
decrease in percent carbon throughout the decomposition process, then any carbon based 
compounds which occur in aspen may be contributing resistance to organic matter 
decomposition.  If this is the case, these same compounds may also be providing 
resistance to ungulate herbivory.  Under this assumption the carbon in the more 
recalcitrant (decay-resistant) forest floors (i.e., that of the successfully regenerating 
clones) may be persisting longer than in the more readily decomposable litter from the 
non-regenerating clones, possibly due to increased concentrations of carbon-based 
phenolic glycosides. 
However, this project found no significant differences in the phenolic glycoside 
concentrations between regenerating and non-regenerating clones for either current year’s 
suckers or current year’s terminal growth from mature canopy trees.  This may be 
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explained by the fact that sampling only occurred for two of aspen’s 4 phenolic 
glycosides (salicortin and tremulacin).  Also a simplified test was employed which 
provided only the total combined levels of salicortin and tremulacin; therefore, the data 
contains no information of the proportions between the two, which may be noteworthy. 
The lack of differences in the carbon compounds that were sampled may also be a 
result of the environmental conditions of the sampling year.  The previous winter the 
region in which sampling took place received 245% the average snow water equivalent 
(SWE) compared to the 30-year average.1  These anomalous amounts of snow are also 
reflected by our late start date for sampling (early-August, 2005), which occurred as a 
result of late snowpacks, high melt rates, and impassable road conditions. 
Due to the persistence of saturated conditions which lasted until late in the season 
and which are highly uncharacteristic of what typically occurs in south-central Utah—
where commonly the growing season is concurrent with water-stress—differences in the 
phenolic glycoside concentrations among clones may not have expressed themselves 
during the 2005 growing season.  Kruger and Manion (1994) have demonstrated that 
suckers grown under water-stress had significantly lower levels of various phenolic 
glycosides.  This may corroborate with various demonstrations that aspen’s susceptibility 
to disease is often drought-induced (Day and Strong 1959; Bruck and Manion 1980; 
Manion and Griffin 1986; Belanger et al. 1989a, 1989b). 
Therefore, it may be possible that when water is abundant on a landscape that any 
genetically based differences which determine a clone’s ability to produce phenolic 
                                                 
1
 Derived from the average of five SNOWTEL (SNOpack TELemetry) data sites: Kolob, Websters Flat, 
Midway Valley, Castle Valley, and Harris Flat (http://www.wcc.nrcs.usda.gov/snotel/Utah/utah.html). 
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glycosides during periods of water-stress, may be negated, resulting in all genotypes 
becoming virtually equal in their ability to defend themselves from herbivory as a result 
of the removal of one of the limitations on the production of phenolic compounds. 
If this hypothesis is valid, these processes may have affected my study.  For example, 
the majority of the leaves sampled in the forest floor layer during the summer of 2005 
would have been deposited at the end of the growing season of 2004 (Bartos and DeByle 
1981), which was a normal water year for the region (101% the average SWE compared 
to the 30-year average).2  Therefore, the significantly higher levels of forest floor carbon 
which were detected in regenerating clones during the sampling year of 2005, may be a 
reflection of elevated concentrations of carbon-based phenolic compounds which 
expressed themselves more typically in 2004, a result of the normal water-stressed 
growing season of that year.  Additionally, these elevated concentrations may be 
contributing additional resistance to organic matter decomposition, thereby allowing 
carbon to remain longer in the forest floor layer of the regenerating clones.  
 A second hypothesis which exists under the premise of scenario #1, deals with 
soil microbial processes and nutrient availability.  The quality of carbon in the forest 
floor plays a definite role in decomposition rates and in the availability of nutrients for 
both plant and microbial growth (Murphy et al. 1998).  When high levels of high-quality 
carbon are available to support elevated levels of microbial growth, microbes can 
effectively out-compete plants for nutrients and nitrogen (Schmidt et al. 1997).  If this is 
taking place at the regenerating clones in this study (i.e., elevated forest floor carbon), 
then these clones may spend portions of the year under growth limiting conditions of low 
                                                 
2
 Derived from the average of five SNOWTEL (SNOpack TELemetry) data sites: Kolob, Websters Flat, 
Midway Valley, Castle Valley, and Harris Flat (http://www.wcc.nrcs.usda.gov/snotel/Utah/utah.html). 
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to moderate nutrient availability.  If so this would allow them to accumulate excess 
carbon which would be unavailable for growth and may allow them to expend the 
additional resource on the production of additional phenolic glycosides, increasing the 
concentrations of these compounds for defending suckers from ungulate herbivory 
(Bryant et al. 1993).  
Again, other than the speculative increase in nitrogen levels in the non-
regenerating clones, there were no nutrient differences in the soil or plant data to suggest 
the validity of this hypothesis. Yet it is possible that due to the aforementioned 
anomalous wet year and late start of sampling, as well as to the fact that soil properties 
were only sampled once at the beginning of the season, three weeks before chemical 
sampling even began, that I may have missed capturing any variation that might support 
this hypothesis. 
 
Conclusion 
 
Variations in the physical and chemical characteristics within a single plant 
species can be considerable, and the effects far-reaching.  The purpose of this study was 
to examine variations in western aspen clones which may dictate ungulate preference, 
specifically in situations where adjacent clones experience varying degrees of herbivory. 
Though extremely important for a study such as this, many nitrogen values of 
aspen suckers are regrettably absent from the data.  However in examining the few 
values, it appears possible that nitrogen may be elevated for both leaves and stems at non-
regenerating clones during times one (August) and two (September).  Though the data are 
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far from complete, this may be indicative of ungulate preference for protein (Villalba and 
Provenza 1997). 
This survey of paired clones in the Cedar Mountain and Dixie National Forest 
areas of south-central Utah yielded only a statistically significant difference in forest 
floor carbon percentage between regenerating and non-regenerating clones.  This is most 
likely attributed to a greater amount of canopy coverage, specifically being a function of 
more trees which result in more leaves deposited on the forest floor and thus higher levels 
of forest floor carbon.  However, it may be an indicator of other factors that were not 
manifested due to the anomalously wet year and late start for sampling.  Specifically, (1) 
the presence of carbon based phenolic compounds in the leaf litter which may be 
contributing resistance to organic matter decomposition and thus increasing the residence 
time of the carbon in the forest floor soil layer, and/or (2) high quality carbon in the leaf 
litter may be supporting elevated populations of soil microbes that are out-competing 
clones for nutrients and nitrogen, forcing them into growth limiting conditions and 
allowing them to accumulate even more carbon for use in the production of additional 
phenolic glycosides. 
Whichever the cause for interclonal differences in ungulate herbivory, this study 
can provide a starting point for further research dedicated to increasing the understanding 
of the role of aspen on western landscapes. 
 
Recommendations 
 
 It is suggested that further research projects aimed at understanding the cause for 
interclonal differences in ungulate herbivory among quaking aspen—and that are  
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structured similarly to this one—make use of some of the following suggestions: 
1. Measure the degree of herbivory before the start of sampling as well as during the 
season of sampling to determine if differences in herbivory are  concurrent with 
the season of sampling.  
2. As herbivory may be circumstantial, survey the understory plant community for 
differences in composition and take measurements of utilization of theses species 
during the season of sampling. 
3. Measure tree density, sucker density, and stand structure.  This could provide 
valuable insights into stand health as well as variations in habitat and cover 
quality for herbivores.  
4. If further phenolic glycoside work is required, consider using collection methods 
that will provide information of the concentrations of all four known compounds 
(salicin, salicortin, tremuloidin, tremulacin), rather than just the simplified test 
done here. 
5. Though it was not possible for this project, a second season of sampling is highly 
encouraged. 
6. With new knowledge being gained about aspen genetics (Mock and Rowe 2006), 
thorough genetic sampling is warranted. 
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Fig. A.1.  Aspen clones on Cedar Mountain, UT, Pasture 1 pair, July 2005.  
Numerous dead ramets in the overstory canopy of both clones, yet the 
regenerating clone (R) shows past successful regeneration and expansion while the 
non-regenerating clone (NR) has experienced extensive mortality with little 
regeneration.  Genetic analysis demonstrated that these clones contain the same 
genet.  (Photo by author) 
 
 
 
       
Fig. A.2.  Close-ups of Pasture 1 aspen pair (left R, right NR), July 2005.  Though it 
has experienced some die-off, clone R demonstrates recent history of boundary 
expansion.  Clone NR shows no boundary expansion and heightened levels of 
thinning and deterioration.  (Photos by author) 
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Fig. A.3.  Aspen clones on Cedar Mountain, UT, with exclosures, Pasture 14 pair, 
July 2005.  Clones have similar aged overstory canopy, yet clone R demonstrates 
ability to regenerate successfully (see Fig. A.4) while clone NR has experienced 
little successful regeneration.  (Photo by author) 
 
 
Fig. A.4.  Aspen clone exclosure on Cedar Mountain, UT, Pasture 14-R, July 2005.  
Extensive regeneration; compare foreground of Fig. A.3.  (Photo by author) 
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Fig. A.5.  Aspen clone with exclosure on Cedar Mountain, UT, Pasture 17-NR, 
July 2005.  No apparent regeneration.  Genetic analysis demonstrated this clone 
contained the same genet as Pasture 17-R (see Fig. A.6).  (Photo by author) 
 
 
Fig. A.6.  Aspen clone with exclosure on Cedar Mountain, UT, Pasture 17-R, July 
2005.  Visible regeneration.  Genetic analysis demonstrated this clone contained 
the same genet as Pasture 17-NR (see Fig. A.5).  (Photo by author) 
  
 
 
45
 
 
Fig. A.7.  Aspen clones on Cedar Mountain, UT, Meeks pair, 2002.  Similar 
overstory canopy ages, yet clone R shows successful regeneration in the 
understory while clone NR has experienced extensive mortality, as indicated by 
the “matchstick” structure in the understory, with virtually no regeneration.  
(Photo by Seth Ohms) 
 
 
 
Fig. A.8.  Example of the result of persistent ungulate herbivory on aspen.  Meeks-
NR, Cedar Mountain, UT, July 2005.  (Photo by author) 
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Fig. A.9.  Aspen clones on Dixie National Forest, UT, Dixie1 pair, July 2005.  Similar 
die-off of overstory canopy in both clones, however clone R has had ample 
successful regeneration while clone NR has struggled to regenerate successfully do 
to a high degree of persistent herbivory (see inset).  (Photos by author) 
 
 
Fig. A.10.  Aspen clone with exclosure on Dixie National Forest, UT, Dixie1-R, July 
2005.  Lush understory, recent history of successful regeneration, and current 
successful regeneration.  Compare foreground of Fig. A.9.  (Photo by author) 
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Fig. A.11.  Aspen clones on Dixie National Forest, UT, Dixie2 pair, July 2005 (Dix2-
R in the extreme background).  Similar canopy ages, yet drastic current and 
historic differences in regeneration with clone NR deteriorating and showing signs 
of intense herbivory.  Compare Fig. A.12.  (Photo by author) 
 
 
 
Fig. A.12.  Aspen clone with exclosure on Dixie National Forest, UT, Dixie 2-R, July 
2005.  Demonstrates a recent history of successful regeneration and current 
successful regeneration. Compare foreground of Fig. A.11.  (Photo by author) 
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Appendix B. Data Tables 
Table B.l. Soil properties from regenerating (r) and non-regenerating (nr) aspen clones at study sites on Cedar Mountain 
and Dixie National Forest, UT, July 2005. (This is a duplication of Table 1 found on page 24 and is included here for 
completeness.) 
Forest Floor Mineral Soil 
C 
N C org. inorg total N P Na K Mg Ca Al Mn 
Pair Clone· {%} {%} CIN {%} {%} {O/o} {%} {mg/ke) {m~kg} {mg/kg} {melke) {m~kg} {mg/ke) {mg/kg} 
Dixl r 1.80 38.41 21.34 5.88 0.33 6.20 0.43 65.47 13.27 1254.03 308.03 3525.67 0.25 9.87 
nr 0.49 17.49 35.69 1.64 0.28 1.92 0.13 31.33 0.52 1673.00 682.00 2898.67 0.37 5.84 
Dix2 r 1.36 29.48 21.68 5.99 0.32 6.31 0.40 54.93 7.94 881.83 325.40 3593.67 0.47 7.43 
nr 0.74 20.24 27.35 4.65 0.31 4.96 0.37 54.33 8.12 1307.20 325.27 2557.67 0.57 8.71 
Meek r 0.76 17.12 22.52 7.81 0.33 8.14 0.56 16.57 14.18 177.07 393.07 5717.67 0.56 3.63 
nr 0.69 20.01 29.00 4.25 0.30 4.54 0.31 12.51 22.32 224.40 238.97 3166.67 0.50 8.33 
Past 1 r 1.28 29.07 22.71 3.58 0.30 3.88 0.27 10.15 10.94 330.83 339.90 2900.67 0.49 7.50 
nr 1.20 30.73 25.61 5.64 0.33 5.98 0.40 23.53 14.88 419.27 438.27 4307.33 0.00 6.98 
Past14 r 1.51 34.25 22.68 3.38 0.28 3.67 0.21 24.80 17.73 166.11 117.22 2030.33 0.43 7.46 
nr 1.08 25.22 23.35 2.63 0.27 2.90 0.17 14.01 9.11 135.50 96.30 1651.00 0.43 6.69 
Past17 r 0.81 42.33 52.26 5.18 0.29 5.47 0.40 24.69 379.93 379.93 328.57 4451.33 0.22 7.48 
nr 0.75 18.73 24.97 5.55 0.33 5.88 0.37 16.08 15.72 347.43 234.77 2928.67 0.37 9.65 
* Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
~ 
\0 
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Table B.2.  Additional soil properties of regenerating (r) and non-regenerating 
(nr) aspen clones on Cedar Mountain and Dixie National Forest, UT, July 2005. 
 
Mineral Soil 
 
Pair Clone* 
pH 
 
ECEC H2O salt 
Dix1 
r 6.67 6.03  23.39 
nr 6.85 6.13  24.36 
Dix2 
r 6.69 6.12  22.90 
nr 6.85 6.33  18.82 
Meek 
r 6.77 6.40  32.28 
nr 6.15 5.56  18.44 
Past1 
r 6.43 5.95  18.17 
nr 6.57 6.19  26.23 
Past14 
r 6.12 5.72  11.60 
nr 6.27 5.74  9.42 
Past17 
r 6.55 6.15  25.93 
nr 6.25 5.77  17.51 
* Denotes individual aspen clone within the pair: (r) regenerating, (nr) non-regenerating.    
Table B.3. Seasonal properties (Aug., Sept., Oct.) of aspen secondary chemistry for both suckers and mature trees at 
regenerating (r) and non-regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 2005. 
Condensed Phenolic Glycosides 
Part Tannins, suckers {Cone mg/kg, wet weight~ 
(leaf, {%, d!:X weight~ Suckers Mature 
Pair Clone* stem} Aug. Se!!t. Oct. Aug. Se!!t. Oct. Aug. Se!!t. Oct. 
Iv 2.56 2.15 -t 5.5 7.9 -t 6.3 7.3 -t 
r 
st 0.80 0.60 0.92 4.1 7.3 16.5 8.8 8.6 17 Dixl Iv 3.35 2.58 -t 6.1 6.4 -t 6.4 5 -t 
nr 
st 0.95 0.75 0.62 5.2 7.6 16.4 10.1 8 21.1 
Iv 3.94 1.24 -t 6.2 7.1 -t 5.7 5.4 -t 
r 
st 1.33 0.93 1.19 5.1 8.5 17.1 7.6 8.8 18.8 Dix2 Iv 0.99 1.08 -t 8.1 6.2 -t 4.8 5.6 -t 
nr 
st 0.84 1.02 0.75 5.1 5.9 13.6 7.1 7.7 16.9 
Iv 0.39 0.93 -t 8.1 7.8 -t 7.6 6.9 -t 
r 
st 1.03 2.02 1.62 4.6 7.1 14.7 7.7 8.3 15.1 Meek Iv 0.82 0.43 -t 6 6.7 -t 5.6 5.1 -t 
nr 
st 0.92 1.32 -** 4.3 5.8 -** 6.6 8.4 12.1 
Iv 3.79 0.40 -t 9.7 6.8 -t 9.3 7.8 -t 
r 
st 2.36 0.71 1.42 4.1 3.9 13.4 12.2 10.1 6.5 Past 1 Iv 0.29 0.29 -t 8.1 7.5 -t 10.4 7.6 -t 
nr 
st 0.49 0.68 1.04 6.3 7.2 6.3 13.3 9.5 12.2 
Iv 0.75 0.23 -t 8.4 6.6 -t 9.3 7.4 -t 
r 1.19 1.13 0.70 5.9 6.8 8.4 7.9 7.1 12.2 Past14 st Iv 1.04 0.40 -t 9.2 6.5 -t 8.7 7.2 -t 
nr 
st 0.70 1.40 -** 6.2 6.8 -** 9.3 8.3 13.8 
Iv 0.65 2.48 -t 7.4 6.5 -t 7.5 6.9 -t 
r 
st 0.51 0.87 1.37 6.3 9.4 6.2 6.3 7.1 11.5 Past17 Iv 
-** -** -t 8.1 0.5 -t 9.1 -** -t nr 
st 
-** -** -** 5.5 1.3 5.9 7.3 -** -** 
* Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result of frost/onset of dormancy. 
Vl 
-
Table B.4. Seasonal properties (Aug., Sept., Oct.) of aspen sucker primary chemistry at regenerating (r) and non-
regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 2005. 
Part N P K Ca MG 
Pair Clone* ~Ieaf, stem} Aug. Sel!t. Oct. AUG· Sel!t. Oct. Aug. Sel!t. Oct. AUG· Sel!t. Oct. Aug. Sel!t. Oct. 
Iv 1.878 1.434 
-t 0.226 0.166 -t 1.416 0.695 -t 1.363 2.073 -t 0.272 0.325 -t 
st 0.564 
-§ 1.071 0.108 0.058 0.141 0.964 0.465 0.719 0.610 1.157 0.743 0.113 0.137 0.123 Dixl Iv -§ 2.462 -t 0.246 0.256 -t 0.898 1.185 -t 0.394 1.397 -t 0.159 0.206 -t 
nr 
st 
-§ 1.223 1.144 0.076 0.174 0.185 0.457 0.623 0.626 0.198 0.612 0.583 0.058 0.166 0.162 
Iv 
-§ 1.929 -t 0.354 0.567 -t 2.208 2.330 -t 0.248 1.559 -t 0.062 0.128 -t 
st 0.687 1.179 1.290 0.275 0.198 0.175 1.612 0.954 0.712 0.504 0.729 0.596 0.125 0.181 0.192 Dix2 
Iv -§ 2.567 -t 0.244 0.305 -t 1.358 1.414 -t 0.255 0.844 -t 0.117 0.116 -t nr 
st 
-§ 1.182 1.359 0.122 0.187 0.186 1.081 1.060 0.758 0.366 0.623 0.729 0.110 0.163 0.166 
Iv -§ -§ -t 0.148 0.069 -t 1.231 0.842 -t 0.302 0.220 -t 0.119 0.040 -t 
Meek st -§ -§ -§ 0.060 0.079 0.161 0.743 0.637 0.808 0.211 0.128 0.185 0.048 0.048 0.066 Iv 2.577 
-§ -t 0.474 0.192 -t 1.247 0.538 -t 0.646 0.158 -t 0.209 0.068 -t nr 
st -§ -§ 
-** 0.204 0.099 -** 1.170 0.430 -** 0.441 0.103 -** 0.099 0.041 -** 
Iv 1.834 
-§ -t 0.252 0.311 -t 1.033 1.279 -t 0.351 0.497 -t 0.192 0.154 -t 
Pastl 
st 1.397 
-§ 1.258 0.232 0.109 0.241 1.388 0.841 1.045 0.458 0.136 0.569 0.143 0.044 0.159 
Iv 3.234 
-§ -t 0.343 0.151 -t 1.538 0.650 -t 0.610 0.068 -t 0.204 0.079 -t nr 
st 1.482 
-§ -§ 0.259 0.095 0.131 2.260 0.634 0.644 0.665 0.082 0.530 0.155 0.050 0.191 
Iv 1.539 2.160 -t 0.410 0.246 -t 2.866 2.564 -t 0.363 1.510 -t 0.120 0.187 -t 
Pastl4 st 0.753 0.722 1.275 0.216 0.122 0.161 1.830 0.841 0.860 0.614 0.678 0.547 0.122 0.121 0.141 
Iv 2.575 -§ -t 0.336 0.333 -t 0.788 1.202 -t 1.333 0.547 -t 0.188 0.146 -t 
nr 
st 1.312 
-§ -** 0.207 0.146 -** 0.736 0.708 -** 0.796 0.235 -** 0.110 0.059 -** 
Iv -§ 1.730 
-t 0.101 0.099 -t 2.317 0.535 -t 2.294 1.369 -t 0.280 0.146 -t 
Past17 st -§ 0.884 -§ 0.050 0.082 0.031 0.874 0.611 0.190 0.362 0.669 0.171 0.059 0.110 0.040 Iv 
-** -** -t -** -** -t -** -** -t -** -** -t -** -** -t nr 
st 
-** -** -** -** -** -** -** -** -** -** -** -** -** -** -** 
* Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result offrostlonset of dormancy. 
§ No value due to analysis error. 
Ul 
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Table B.S. Continued seasonal properties (Aug., Sept., Oct.) of aspen sucker primary chemistry at regenerating (r) and 
non-regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 2005. 
Part S B Mn Fe 
Pair Clone· ~Ieaf, stem~ AUG' Sel!t. Oct. AUG· Sel!t. Oct. AUG' Sel!t. Oct. AUG' Sel!t. 
Iv 0.193 0.176 
-t 18.23 44.33 -t 55.90 26.60 -t 37.11 32.80 
st 0.055 0.033 0.070 13.14 11.05 13.68 13.93 10.56 15.04 13.37 31.22 
Dixl Iv 0.101 0.183 
-t 21.51 42.56 -t 11.54 39.86 -t 188.40 124.45 
nr 
0.029 0.080 0.095 7.04 14.22 13.29 4.15 15.18 9.77 57.70 66.50 st 
Iv 0.111 0.241 
-t 22.55 42.12 -t 8.87 42.04 -t 37.86 54.15 
Dix2 st 0.065 0.091 0.097 14.02 14.01 12.13 10.50 15.58 12.17 16.26 23.74 
Iv 0.098 0.220 
-t 6.95 28.44 -t 18.74 38.99 -t 37.39 113.55 
nr 0.056 0.082 0.095 6.95 13.90 14.94 8.54 17.55 13.54 15.19 43.87 st 
Iv 0.071 0.030 
-t 5.00 5.38 -t 1.89 5.45 -t 31.96 65.75 
Meek st 0.048 0.039 0.071 4.51 4.43 5.37 1.45 2.03 2.12 11.89 14.10 Iv 0.187 0.096 
-t 16.83 6.28 -t 10.75 4.56 -t 220.85 52.40 nr 
st 0.095 0.054 
-** 8.21 2.60 -** 3.93 2.07 -** 49.26 21.60 
Iv 0.108 0.138 
-t 12.75 11.38 -t 5.96 3.70 -t 146.15 61.35 
Past 1 st 0.086 0.046 0.079 14.01 3.99 20.23 4.05 1.13 10.22 39.18 11.90 Iv 0.166 0.069 
-t 26.44 4.25 -t 34.94 1.07 -t 1181.00 25.51 or 
st 0.120 0.045 0.089 15.81 3.10 16.50 5.31 0.97 23.63 50.20 10.26 
Iv 0.132 0.154 
-t 28.05 42.51 -t 30.59 99.65 -t 52.30 95.35 
Past14 st 0.068 0.054 0.087 16.27 11.43 12.34 33.55 25.27 23.18 24.03 23.42 Iv 0.243 0.224 
-t 28.15 32.64 -t 22.56 21.72 -t 91.60 100.35 
or 0.113 0.080 
-** 10.21 6.25 -** 7.33 6.44 -*. 30.57 23.91 st 
Iv 0.142 0.149 
-t 23.18 37.63 -t 35.68 11.02 -t 215.65 52.35 
Pastl7 st 0.037 0.065 0.023 5.92 12.20 4.32 3.22 6.73 2.43 27.63 28.83 
Iv 
-** -** -t -*. -** -t -** -** -t -** _ .. nr 
st 
-** 
_ .. 
-** 
_ .. 
-** -** -** -** _.* -** -** 
• Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result of frost/onset of dormancy. 
Oct. AUG' 
-t 5.82 
29.65 3.83 
-t 2.98 
43.02 2.18 
-t 11.55 
24.42 10.53 
-t 2.85 
40.95 1.97 
-t 1.99 
51.25 1.49 
-t 7.50 
-** 5.32 
-t 3.73 
64.40 4.43 
-t 5.96 
44.97 5.48 
-t 6.81 
33.28 4.07 
-t 5.49 
-*. 5.13 
-t 4.58 
39.18 1.76 
-t -** 
-** 
_.* 
Cu 
Sel!t. 
2.59 
2.57 
4.42 
7.54 
11.34 
14.68 
4.60 
6.50 
0.96 
2.04 
2.91 
1.51 
5.07 
2.24 
2.41 
1.53 
4.97 
2.58 
6.82 
2.83 
2.07 
2.90 
-** 
-** 
Oct. 
-t 
7.12 
-t 
10.69 
-t 
10.74 
-t 
6.44 
-t 
2.52 
-t 
-** 
-t 
7.94 
-t 
10.15 
-t 
7.20 
-t 
-*. 
-t 
0.63 
-t 
-** 
Ul 
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Table B.6. Continued seasonal properties (Aug., Sept., Oct.) of aspen sucker primary chemistry at regenerating (r) and 
non-regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 2005. 
Part Zn Mo Na Sr 
Pair Clone* ~Ieaf, stem} AUG· Sel!t. Oct. AUG· Sel!t. Oct. AUG· Sel!t. Oct. AUG· Sel!t. 
Iv 34.21 13.15 
-t 22.70 0.30 -t 5.89 14.07 -t 4.92 156.90 
st 30.23 22.16 43.05 25.30 16.62 37.62 3.69 10.64 9.23 51.5 87.00 
Dixl Iv 28.82 31.08 
-t 22.84 22.58 -t 0.00 13.78 -t 14.14 69.95 
nr 
19.87 45.71 48.81 17.41 38.69 41.80 0.00 5.83 8.3 11.81 45.40 st 
Iv 71.45 205.00 
-t 66.15 189.85 -t 0.00 14.87 -t 5.22 97.90 
Dix2 st 94.55 91.45 47.09 86.05 81.55 39.06 7.22 11.69 11.38 37.59 57.35 
Iv 22.01 40.28 
-t 17.48 34.71 -t 0.22 8.06 -t 16.87 68.95 
or 25.50 55.80 47.83 21.23 48.63 40.36 0.75 21.61 8.35 34.08 67.25 st 
Iv 25.49 18.98 
-t 20.93 17.27 -t 0.00 3.73 -t 3.74 3.27 
Meek st 16.25 15.71 21.44 14.26 13.86 18.74 29.24 4.98 17.78 6.86 4.82 Iv 59.55 37.35 
-t 49.67 34.73 -t 4.16 2.70 -t 11.03 2.06 or 
st 33.39 17.35 
-** 29.16 15.90 -** 29.24 0.73 -** 11.77 2.82 
Iv 62.80 44.02 
-t 54.10 37.73 -t 3.35 10.05 -t 4.54 6.47 
Pastl st 68.20 13.60 63.70 60.80 11.82 56.0 3.43 6.52 11.65 17.67 3.81 Iv 60.90 28.05 
-t 51.30 25.21 -t 7.00 7.86 -t 12.64 1.08 nr 
st 42.83 16.59 66.05 35.60 14.80 57.45 4.45 0.19 15.50 21.34 3.63 
Iv 58.85 42.10 
-t 51.65 32.87 -t 4.81 11.89 -t 3.30 23.75 
Pastl4 st 55.50 31.61 48.19 48.37 26.70 41.97 7.10 13.81 12.67 14.80 18.14 Iv 45.79 58.20 ~t 36.77 51.85 
-t 1.70 8.86 -t 3.30 7.59 
nr 
39.13 24.28 
-** 33.87 21.98 -** 1.12 4.75 -** 14.86 6.92 st 
Iv 86.30 12.57 
-t 69.05 5.08 -t 4.92 10.33 -t 34.61 22.44 
Pastl7 st 12.78 32.33 8.97 10.34 27.70 7.44 0.00 11.73 11.44 8.01 13.84 
Iv 
-** -** -t -** -** -t -** -** -t -** -** nr 
st 
-** -** -** -** -** -** -** -** -** -** -** 
* Denotes individual done within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result of frost/onset of dormancy. 
Oct. AUG· 
-t 13.15 
66.35 13.05 
-t 0.93 
39.78 0.50 
-t 0.75 
42.87 9.77 
-t 1.88 
60.60 7.56 
-t 0.39 
5.69 0.88 
-t 2.67 
-** 3.38 
-t 0.78 
15.99 4.45 
-t 6.11 
31.55 6.62 
-t 2.75 
21.61 17.61 
-t 22.92 
-** 19.12 
-t 18.60 
3.87 4.89 
-t -** 
-** -** 
Da 
Sel!t. 
22.27 
17.03 
1.02 
1.20 
24.76 
22.78 
17.30 
35.42 
0.54 
1.01 
0.19 
0.46 
1.47 
1.27 
0.04 
0.44 
19.10 
19.77 
6.63 
10.20 
9.36 
8.14 
-** 
-** 
Oct. 
-t 
15.82 
-t 
0.62 
-t 
7.20 
-t 
15.46 
-t 
1.17 
-t 
-** 
-t 
4.43 
-t 
3.92 
-t 
31.98 
-t 
-** 
-t 
2.33 
-t 
-** 
Vl 
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Table B.7. Continued seasonal properties (Aug., Sept., Oct.) of aspen sucker primary chemistry at regenerating (r) and 
non-regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 2005. 
Part AI Si Co Cr 
Pair Clone* {leaf, stem} Aug. Sel!t. Oct. Aug. Sel!t. Oct. Aug. Sel!t. Oct. Aug. Sel!t. 
Iv 13.91 19.01 -t 2166.00 3480.00 -t 0.17 0.06 -t 0.48 0.32 
st 7.76 29.32 14.31 243.05 339.10 254.95 0.03 0.04 0.06 0.33 0.28 
Dixl Iv 166.80 102.30 
-t 2166.00 2295.50 -t 0.27 0.24 -t 0.37 0.43 
nr 
48.07 49.75 30.35 554.50 470.20 349.75 0.05 0.10 0.06 0.27 0.30 st 
Iv 18.37 23.86 
-t 15670 1568.00 -t 0.64 0.56 -t 0.43 0.57 
Dix2 st 10.21 11.31 11.50 310.75 265.00 188.40 0.14 0.16 0.07 0.45 0.35 
Iv 18.62 89.20 
-t 1076.50 1921.00 -t 0.15 0.24 -t 0.29 0.41 
nr 7.08 29.81 17.89 300.60 424.95 270.95 0.04 0.07 0.05 0.19 0.45 st 
Iv 16.49 33.86 -t 314.20 511.50 -t 0.61 0.30 -t 0.35 0.11 
Meek st 2.42 10.29 16.85 68.50 137.40 252.80 0.11 0.10 0.09 0.23 0.16 Iv 154.20 12.77 
-t 1068.50 308.65 -t 0.27 0.12 -t 0.76 0.15 nr 
st 32.28 11.33 
-** 334.70 174.15 -** 0.04 0.02 -** 0.35 0.21 
Iv 74.50 8.28 
-t 1431.50 717.00 -t 0.43 0.33 -t 0.41 0.32 
Pastl st 19.91 4.91 43.46 329.30 97.60 518.50 0.08 0.03 0.28 0.28 0.20 Iv 710.50 10.88 
-t 2723.00 424.30 -t 0.68 0.24 -t 1.40 0.18 
nr 
st 32.37 5.22 33.00 317.35 148.70 406.00 0.08 0.04 0.35 0.30 0.21 
Iv 20.14 41.70 
-t 635.00 998.00 -t 1.64 0.60 -t 0.56 0.45 
Pastl4 st 10.17 8.38 18.09 191.20 125.45 252.40 0.34 O.ll 0.25 0.32 0.36 Iv 24.79 22.65 
-t 1179.50 1140.00 -t 0.63 0.41 -t 0.49 0.32 
nr 
10.20 8.33 
-** 303.75 195.85 -** 0.13 0.06 -** 0.38 0.21 st 
Iv 137.40 19.55 -t 1435.50 964.00 -t 0.77 0.16 -t 0.37 0.29 
Pastl7 st 18.17 14.56 4.18 265.30 237.05 89.10 0.06 0.05 0.03 0.24 0.21 Iv 
-** -** -t -** -** -t -** -** -t -** -** nr 
st 
-** -** -** -** -** -** -** -** -** -** -** 
* Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result of frost/onset of dormancy. 
Oct. Aug. 
-t 0.97 
0.37 0.54 
-t 0.51 
0.35 0.30 
-t 3.18 
0.32 0.69 
-t 1.79 
0.36 0.77 
-t 1.41 
0.34 0.54 
-t 3.39 
-** 1.14 
-t 2.79 
0.48 1.08 
-t 5.12 
0.44 1.34 
-t 5.29 
0.52 1.15 
-t 1.16 
-** 0.59 
-t 2.63 
0.19 0.54 
-t -** 
-** -** 
Ni 
Sel!t. 
0.27 
0.40 
0.20 
0.52 
2.92 
0.92 
1.93 
1.05 
0.69 
0.59 
1.33 
0.53 
3.68 
0.49 
2.12 
0.62 
1.29 
0.69 
1.18 
0.25 
1.45 
2.64 
-** 
-** 
Oct. 
-t 
0.65 
-t 
0.47 
-t 
1.22 
-t 
0.77 
-t 
1.52 
-t 
-** 
-t 
5.40 
-t 
2.75 
-t 
2.76 
-t 
-** 
-t 
0.22 
-t 
-** 
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Table B.S. Continued seasonal properties (Aug., Sept., Oct.) of aspen sucker primary chemistry at regenerating (r) and 
non-regenerating (nr) study sites on Cedar Mountain and Dixie National Forest, UT, 200S. 
Part Cd Pb As Se 
Pair Clone· {leaf, stem} Aug. Seet. Oct. Aug. Seet• Oct. Aug. Seet. Oct. Aug. Seet• Oct. 
Iv 0.23 0.07 
-t 0.80 0.54 -t 0.00 0.00 -t 0.02 0.04 -t 
st 0.19 0.08 0.17 0.94 0.52 1.07 0.00 0.01 0.01 0.02 0.08 0.17 
Dixl Iv 0.08 0.64 
-t 0.46 0.48 -t 0.13 0.13 -t 0.00 0.07 -t Dr 
0.07 0.70 0.40 0.24 1.38 0.77 0.12 0.05 0.02 0.00 0.01 0.12 st 
Iv 0.08 0.51 
-t 0.35 0.72 -t 0.00 0.19 -t 0.05 0.22 -t 
Dix2 st 0.30 0.41 0.19 0.70 1.38 1.08 0.00 0.13 0.20 0.00 0.00 0.08 
Iv 0.04 0.12 
-t 0.08 0.47 -t 0.00 0.15 -t 0.04 0.00 -t Dr 0.09 0.18 0.13 0.17 1.09 1.47 0.00 0.13 0.03 0.10 0.01 0.05 st 
Iv 0.07 0.08 
-t 0.67 0.09 -t 0.02 0.17 -t 0.11 0.10 -t 
Meek st 0.05 0.11 0.06 0.20 0.01 5.18 0.00 0.10 0.17 0.00 0.07 0.02 Iv 0.23 0.09 
-t 0.38 0.13 -t 0.05 0.12 -t 0.00 0.14 -t or 
st 0.18 0.06 
-** 0.30 0.09 -** 0.01 0.05 -** 0.01 0.13 -** 
Iv 0.30 0.19 
-t 0.25 0.68 -t 0.01 0.09 -t 0.09 0.03 -t 
Pastl st 0.35 0.06 0.38 0.08 0.27 3.76 0.00 0.23 0.08 0.09 0.04 0.09 Iv 0.50 0.10 
-t 1.17 0.05 -t 0.16 0.18 -t 0.00 0.17 -t nr 
st 0.52 0.05 0.50 0.11 0.01 2.04 0.07 0.05 0.17 0.20 0.20 0.05 
Iv 0.08 0.32 
-t 0.42 0.37 -t 0.00 0.21 -t 0.03 0.05 -t 
Pastl4 st 0.25 0.28 0.34 0.30 0.62 2.15 0.00 0.12 0.01 0.00 0.12 0.04 Iv 0.21 0.09 
-t 0.30 0.19 -t 0.00 0.13 -t 0.24 0.10 -t Dr 
0.18 0.08 
-** 1.49 0.49 -** 0.00 0.26 -** 0.12 0.13 -** st 
Iv 0.97 0.47 
-t 0.15 0.64 -t 0.08 0.03 -t 0.01 0.07 -t 
Pastl7 st 0.23 0.43 0.11 0.12 37.94 0.02 0.00 0.20 0.17 0.00 0.00 0.23 
Iv 
-** -** -t -** -** -t -** -** -t -** -** -t or 
st 
-** -** -** -** -** -** -** -** -** -** -** -** 
* Denotes individual clone within the pair: (r) regenerating, (nr) non-regenerating. 
** Insufficient sample material available during sample period. 
t Leaves not collected for sampling during this period due to desiccation as a result offrostlonset of dormancy. 
Ut 
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Appendix C. Site Summary Sheets 
58 
DIXIE 1-
General Information: Dixie National Forest, UT, Little Valleys area. 
Site Selection/Soil Sampling: July 15,2005; Repeat Sampling: Aug 4, Sept I , Oct 13 
! , 
Regenera ting (R) 
UTM"",",: 0354542 
4183970 
Elevation : 2842 m 
Non-regenerating (NR) 
UTM,,,, .. ,,: 0354568 
4183881 
Elevation: 2843 m 
Selected Data' 
Variable Time Total value (st + Iv) Total value (st + Iv) Time Variable 
Phenolic 1 9.60 11.30 1 Phenolic 
glycoside 2 15.20 14.00 2 glycoside 
(sucker) 3 16.50 16.40 3 (sucker) 
Condensed 1 3.36 4.30 1 Condensed 
tann in 2 2.75 3.33 2 tannin 3 0.92 0.62 3 
Plant 1 2.44 1 Plant 2 1.43 3.69 2 
nitrogen 3 1.07 1.1 4 3 nitrogen 
ffCarbon% NA 38.41 17.49 NA ffCarbon% 
Unit key: phenolic glycosides (mglkg wet weight); condensed tannin (% dry weight); nitrogen (%) 
Dixie1- R, 2005 Se<lson .. 1 Sucker Trend Dlxle1 - NR. 2005 Season .. 1 Sucker Trend 
Phenolc 
-/' -tieos/de 
--
Phenaie 
./'" ~ glycoside 
j 
j i ~DndeDSf!d Condensed j lannln ~ . tannin ~ --= = ~ =---.. _" -
~""1 Time 1 ~",,3 Time 1 Tlme2 Time 3 
• For complete data set which includes all soil data, plan t trace minerals, etc., see Appendix B. 
~ 
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General Information: Dixie National Forest, UT, Little Valleys area. 
Site Selection/Soil Sampling: July 16, 2005; Repeat Sam pling: Aug 4, Sept 1, Oct 13 
~ I, 
~ I i 
~ 
I i 
Regenerating (R) 
UTM,,,,,,,,: 0353922 
4183883 
E levation: 2802 m 
Non-regenerating (NR) 
UTM"",,,,,: 0353925 
4183754 
E levation : 2833 m 
Selected Data' 
Variable Time Tolal value (sl + Iv) Tolal value (Sl + Iv) Time Variable 
Phenolic 1 13.30 13.20 1 Phenolic 
glycoside 2 15.60 12.10 2 glycoside 
(sucker) 3 17.10 13.60 3 (sucker) 
Condensed 1 5.27 1.83 1 Condensed 2 2.17 2.1 0 2 tannin 3 1.19 0.75 3 tannin 
Plant 1 0.69 1 Plant 2 3. 11 3.75 2 nitrogen 3 1.29 1.36 3 nitrogen 
ffCarbon% NA 29.48 20.24 NA ffCarbon% 
Unit key: phenolic glycosides (mg/kg wet weight) ; condensed tannin (% dry weight); nitrogen (%) 
Dlxfe2 • R. 2005 SeOl !O on OlI Sucker T rend Dl xle2 - NR. 2005 $e>l ,;on<J,[ Sucker Trend 
Phenolic 
-;:; 9 ycoside 
Ale nolic 
g~coSlae 
, 
'::----. Condensed l Ccodeolied J'o.itrogsn 
~annin j lannin 
• • 
Nirogen -' ~ 
-
Time 1 Time 2 Time 3 Time 1 Time2 Time 3 
• For complete data set which includes all soil data, plant trace minerals, etc" see Appendix B. 
~ 
~ 
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1 
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General Information: Cedar Mountain, UT, owned by Heber Meeks. 
Site Selection/Soil Sampling: July 13, 2005; Repeat Sampling: Aug 3, Aug 31, Oct 12 
1/ 
f 
~ 
I ~ 
I ~ , 
f 
~ 
Regenerating (R) 
UTM"",,,,: 0322829 
4157228 
Elevation: 2765 m 
Non-regenerating (NR) 
UTM""",,: 0322377 
4157233 
Elevation: 2773 m 
Selected Data' 
Variable Time Total value (SI + Iv) Total value (SI + Iv) Time Variable 
Phenolic 1 12.70 10.30 1 Phenolic 
glycoside 2 14.90 12.50 2 glycoside 
(sucker) 3 14.70 3 (sucker) 
Condensed 1 1.42 1.74 1 Condensed 
tannin 2 2.95 1.75 2 tannin 3 1.62 3 
Plant 1 2.58 1 Plant 
nitrogen 2 2 nitrogen 3 3 
ffCarbon% NA 17.12 20.01 NA ffCarbon% 
Unit key: phenolic glycosides (mg/kg wet weight); condensed tannin (% dry weight); nitrogen (%) 
Meeks - R. 2005 Se::ason::al Suc ker Trend Meeks - NR. 2005 Season:!1 Sucker Trend 
= 
. . .~ II o:::::!: Phenolic 
---
Pheno' c , I ------- gt,-toslde glycoSIde ,1 II 
Condensed I 
. talYlin I f'IIitrogen "" .. ",,"'" ~ => I tannin 
""'" 
Tme 2 
"me ' lim!1 Time 2 
""'" 
• For complete data set which includes all soil data , plam trace minerals, etc., see Appendix B. 
~ 
~ 
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PASTURE 1-
Location: Cedar Mountain, UT, Utah Agricultural Experiment Station 
Site Selection/Soil Sampling: July 7-8,2005; Repeat Sampling: Aug 3, Aug 31, Oct 12 
f 
I 
I ~ 
Regenerating (R) 
UTM"""",: 0327500 
4151596 
Elevation: 2509 m 
Non-regenerating (NR) 
UTM,,,,,,,): 0327649 
4151632 
Elevation: 2576 m 
Selected Data' 
Variable Time Total value (st + Iv) Total value (st + Iv) Time Variable 
Phenolic 1 13.80 14.40 1 Phenolic 
glycoside 2 10.70 14.70 2 glycoside 
(sucker) 3 13.40 6.30 3 (sucker) 
Condensed 1 6.15 0.78 1 Condensed 2 1 .11 0.97 2 tannin 3 1.42 1.04 3 tannin 
Plant 1 3.23 4.72 1 Plant 2 2 
nitrogen 3 1.26 3 nitrogen 
ffCarbon% NA 29.07 30.73 NA ffCarbon% 
Unit key: phenolic glycosides (mglkg wet weight); condensed tannin (% dry weight); nitrogen (%) 
Pl· R. 2005 Suson:al SuekerTrend Pl- NR. 2005 Se;).sono.ll SuekerTrend 
.~ ~. , 
-------- --
l 
I 
Pherolc ............. 
----...---Fihenoi t ~ ~coSide "'-.. 
'1Ycoside ~ "'-.. 
• 1 "'-.. <:::::::: Coo"""", J\itrogen 
Nitrogen 
------
lootin I Cond",,'" 
'<;; 
_ Nhooen ~ I - • 'amn • 
Time t Tmo , Time 3 Time 1 Time 2 Time 3 
• For complete data set which includes all soil data, plant trace minerals, etc., see Appendix B. 
"\ 
I 
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Location: Cedar Mountain, UT, Utah Agricultural Experiment Station 
Site Selection/Soil Sampling: July 12, 2005; Repeat Sampling: Aug 5, Sept 2, Oct 14 
I 
I> 
" 
Regenerating (R) 
UTM,,,,,,,,: 0325890 
4151398 
Elevation: 27 16 m 
Non-regenerating (NR) 
UTM,,,,,,,,: 0325892 
4151394 
Elevation: 2694 m 
Selected Data' 
Variable Time Total value (st + Iv) Total value (st + Iv) Time Variable 
Phenolic 1 14.30 15.40 1 Phenolic 
glycoside 2 13.40 13.30 2 glycoside 
(sucker) 3 8.40 3 (sucker) 
Condensed 1 1.94 1.74 1 Condensed 2 1.36 1.80 2 tannin 3 0.70 3 tannin 
Plant 1 2.29 3.89 1 Plant 2 2.88 2 
nitrogen 3 1.27 3 nitrogen 
ffCarbon% NA 34.25 25.22 NA ffCarbon% 
Unit key: phenolic glycosides (mg/kg wet weight); condensed tannin (% dry weight): nitrogen (%) 
P14 ·R. 2005 Se;lsonill Sucker Trend P14 • N R. 2005 SeilsonOiI Sucker Trend 
h 
P l'!!!o!i; · .............. 1 PhenOlic gycoslde ------- -t!ttc aside 
---- ! I Nlrogel"l 
Nitrogen ! 
""""""' conoensed 
-
I • tarvln 
lime 1 ""'" Time 2 
""'" ""'" 
Tim! 2 Time 3 
.. For complete data sel which includes all soil data, plant trace minerals, e lC., see Appendi x B. 
I 
I 
I 
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PASTURE 17 - Summary 
Location: Cedar Mountain , UT, Utah Agricu ltural Experiment Station 
Site Selection/Soil Sampling: July 14,2005; Repeat Sampling: Aug 5, Sept 2, Oct 14 
I '-; 
~ 
Regenerating (R) 
UTM'NA""': 0326197 
415 1195 
Elevation: ???? m 
Non-regenerating (NR) 
UTM(NAOm): 0326163 
4151233 
Elevation: ???? m 
Selected Data' 
Variable Time Total value (st + Iv) Total value (st + Iv) Time Variable 
Phenolic 1 13.70 13.60 1 Phenolic 
glycoside 2 15.90 1.80 2 glycoside 
(sucker) 3 6.20 5.90 3 (sucker) 
Condensed 1 1.16 1 Condensed 2 3.35 2 tannin 3 1.37 3 tannin 
Plant 1 1 Plant 2 2.61 2 
nitrogen 3 3 nitrogen 
ffCarbon% NA 42.33 18.73 NA ffCarbon% 
P1 7 · R . 2005 S.OJ~onOJI Su~k.rTrend P17- NR. 2005 S e.l:ioMI Sue kerTrend 
Phllnolic 
" !1Ycoside I 
"-... s I "-........ 
" S Condensed S p 
tann 
" 
!ttcoside 
---
. j "-
---
....-
"'moen ~ t 
TI"" , Tme 2 """ , Tlnl(! 1 Tme 2 TimeJ 
• For complete data set which includes all so il data, plant trace minerals, etc., see Appendix B. 
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Sun, July 11, 2010 2:41:19 PM 
Photograph permission request 
 
Dr. Stuart Wooley, 
 
A few years ago you provided me with some pictures that you had taken of extrafloral 
nectaries (EFN) on quaking aspen. As a result I added an EFN survey to my graduate 
work on western quaking aspen. Though I never found the presence of any EFNs at my 
study sites, I still included some discussion of them in my thesis and reported the non-
find. I am in the process of preparing my thesis for final publication and was hoping that I 
could include your aspen EFN photographs. Please let me know if this is agreeable. 
 
If there is any fee incurred by my publishing these photographs in my thesis, please 
indicate it on the permission letter where noted and I will get it to you promptly. I will 
only be publishing the photographs in my thesis and not in any other publication. Also, if 
there is any citation you would like me to use please let me know. 
 
In trying to track you down I noticed that you are now working at CSU Stanislaus which 
is near where I grew up. I am from Lodi, CA (Tokay High School) and still have friends 
and family from the Stockton, Manteca and Modesto areas. I hope NoCal is treating you 
well! 
 
Thank you for your help, and please feel free to call/email me with any further questions.  
 
All the best,  
 
Damon Winter 
________________________________________________________________________ 
 
Photographs in Figure 3 (and also found herein on p. 7). 
 
Thu, July 15, 2010 2:02:14 PM 
Re: Photograph permission request 
 
Damon, 
 
Hi. I was glad to get your email and hope things are well. I was surprised that you didn't 
find any EFNs at all at your sites. Cool! Feel free to use the photos, with attribution. No 
problem.  
 
NoCal is treating us well. It is pretty hot these days, but otherwise we like it. We are 
heading off to the Sierra this afternoon (past Pinecrest) for camping. We were 
in Yosemite last Saturday. So the summer has been pretty nice.  
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Take care and good luck graduating! 
Stuart 
Damon Winter 
Department of Wildland Resources 
Utah State University 
Logan, Utah 84321-5230 
 
 
Seth Ohms, 
 
I am in the process of preparing my thesis in the Department of Wildland Resources at 
Utah State University. 
 
I am requesting your permission to include the attached material as shown. I will include 
acknowledgments and/or appropriate citations to your work as shown and copyright and 
reprint rights information in a special appendix. The bibliographical citation will appear 
at the end of the manuscript as shown. Please advise me of any changes you require. 
 
Please indicate your approval of this request by signing in the space provided, attaching 
any other form or instruction necessary to confirm permission. If you charge a reprint fee 
for use of your material, please indicate that as well. If you have any questions, please 
contact me. 
 
If you are not the copyright holder, please forward my request to the appropriate person 
or institution. 
 
Thank you for your cooperation, 
 
Damon Winter 
 
________________________________________________________________________ 
 
I hereby give permission to Damon Winter to reprint the following material in his thesis. 
 
Photograph in figure A.7 (and also found herein on p. 60). 
 
Citation: Ohms, S.R., 2003. Restoration of aspen in different stages of mortality in 
southern Utah. Master thesis. Utah State University, Logan, UT. 
 
 
Copyright permission letter #2 
 
In process of obtaining from Seth Ohms 
